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Background/Aims: This study reports treatment outcomes 
after helical intensity-modulated radiotherapy (IMRT) in unre- 
sectable hepatocellular carcinoma (HCC) patients for whom 
transarterial chemoembolization (TACE) was considered 
ineffective or unsuitable. Methods: From January 2008 to 
December 2011, 22 unresectable HCC patients received 
helical IMRT. A daily dose of 1.8 to 4 Gy was delivered at five 
fractions per week to deliver a total dose of 30 to 60 Gy. The 
most-prescribed dose fractionation was a total dose of 50 to 
57.5 Gy, with a daily dose of 2.3 to 2.5 Gy. Results: In the en- 
tire group, the objective response rate of the primary tumor 
was 72.7%. In the eight patients with portal vein thrombosis 
(PVT), the objective response rate of PVT was 50.0%. Median 
disease progression-free survival was 11.8 months, and the 

1- year disease progression-free survival rate was 40.2%. The 
median overall survival was 14.4 months, and the 1- and 

2- year overall survival rates were 86.4% and 69.1%, respec- 
tively. PVT and Child-Pugh classifications were significant 
prognostic factors for overall survival in multivariate analyses. 
Conclusions: Helical IMRT in patients with unresectable HCC 
resulted in high treatment response and survival rates. This 
study suggests helical IMRT is a practical treatment option 
for HCC patients in whom TACE is unsuitable or ineffective. 
(Gut Liver 2013;7:343-351) 
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INTRODUCTION 

Treatments for unresectable hepatocellular carcinoma (HCC) 
include transarterial chemoembolization (TACE), percutaneous 



ethanol injection therapy, and radiofrequency ablation (RFA). 1 
TACE is one of the most widely used nonsurgical treatments for 
HCC, and two randomized trials showed improved survival us- 
ing TACE compared with symptomatic therapy alone. 2J In addi- 
tion, sorafenib, a multikinase inhibitor, has recently been shown 
to improve survival in patients with advanced HCC. 4-5 

In the past, radiotherapy (RT) was used infrequently in HCC 
because the tumor was thought to be radioresistant and nor- 
mal liver was radiosensitive. However, HCC was shown to be 
radiosensitive, and now, based on recent advances in three- 
dimensional conformal RT (3D-CRT), we may deliver clinically 
effective radiation dosage to HCC with minimal exposure to 
normal liver and acceptably low risk of liver toxicity. 6 One of 
the newest conformal radiation treatment modalities employs 
helical intensity-modulated RT (IMRT), in which a gantry 6-MV 
linear accelerator is rotated continuously through 360° around 
the patient using tens of thousands of narrow beamlets. 7 How- 
ever, no randomized studies to date address the effectiveness of 
RT, and no consensus exists regarding the use of RT to treat un- 
resectable HCC patients with or without portal vein thrombosis 
(PVT). 

This study reports treatment outcomes and prognostic factors 
after helical IMRT of unresectable HCC patients for whom TACE 
was considered ineffective or unsuitable. The aim of this study 
is to promote consensus regarding the use of RT for unresect- 
able HCC. 

MATERIALS AND METHODS 

1. Patient population 

Eligibility criteria were: 1) HCC confirmed by histology or 
clinical examination; 2) medical inoperability due to underly- 
ing disease, or technical unresectability because of large tumor 
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size; 3) TACE was considered ineffective or unsuitable because 
of collateral blood supplies, or arterioportal shunts, or PVT; 4) 
good general condition with performance status <2 in Eastern 
Cooperative Oncology Group (ECOG) classification; 5) Child- 
Pugh classification A or B; 6) no extrahepatic metastases; 7) 
documented helical FMRT for HCC; and 8) follow-up data avail- 
able. From January 2008 to December 2011, 35 patients with 
unresectable HCC received helical IMRT at our hospital. Of those 
patients, 22 patients met eligibility criteria and were included in 
this study (Fig. 1). 

A diagnosis of HCC was based on practice guidelines of the 
Korean Liver Cancer Study Group and the National Cancer 
Center. 8 T classification was defined according to the American 
Joint Committee on Cancer TNM staging system (7th edition), 
and liver function was classified according to Child-Pugh classi- 
fication. The Institutional Review Board approval was obtained 
for the review and analysis of patient data. 

2. RT 

All patients underwent computed tomography (CT) simula- 
tion in the supine position after immobilization with a posterior 
vacuum bag and an anterior vacuum-sealed cover sheet. To 
reduce movement of the liver by respiration, all patients were 
asked to take shallow breaths. Gross tumor volume (GTV), in- 
cluding primary hepatic mass and PVT was contoured manually 



35 All HCC patients who received helical IMRT 

because of unresectability or ineffective TACE, from 
2008 to 2011 



32 Include only ECOG performance score <2 



31 Include only Child-Pugh classification A or B 



28 Include only no extrahepatic metastases 



22 Include only available follow-up data 



Fig. 1. Flow chart of patient selection. 

HCC, hepatocellular carcinoma; IMRT, intensity-modulated radiother- 
apy; TACE, transarterial chemoembolization; ECOG, Eastern Coopera- 
tive Oncology Group. 



in CT data sets. Since most tumors had microscopic extension of 
less than 2 to 5 mm beyond the tumor margin, 9 ' 10 a margin of 5 
mm was added to the GTV to account for clinical target volume 
(CTV). Planning target volume (PTV) was set by adding a 1 cm 
radial margin and a 1.5-cm craniocaudal margin to the CTV. 
The entire liver was contoured and the normal liver volume was 
quantified as the total liver volume minus the CTV. 

Until now, the most effective dose-fractionation schedule for 
hepatoma has not been determined, so the prescription dose was 
decided by the physician's own judgments according to the pa- 
tients' general condition, hepatic functional capacity, and tumor 
size. A daily dose of 1.8 to 4 Gy was delivered at five fractions 
per week to deliver a total dose of 30 to 60 Gy. Mostly pre- 
scribed dose fractionation protocol was total dose of 50 to 57.5 
Gy with daily dose of 2.3 to 2.5 Gy. The biologically effective 
dose (BED) was calculated using a linear quadratic model with 
respect to acute effects on tumor, as the a/(3 ratio=10." 

LMRT inverse planning was generated using the Hi- Art Plan- 
ning Station (TomoTherapy Inc., Madison, WI, USA). Each 
treatment plan was evaluated with a cumulative dose-volume 
histogram. In the optimized plan, 1) the PTV was covered by 
95% of isodose curves; 2) inhomogeneity of the PTV ranged 
from 95% to 107%; 3) doses to normal organs were limited in 
their tolerances. Avoiding overdose to normal liver is critical 
because radiation-induced liver disease (RILD) is usually fatal. 
The guideline followed in this study was that no more than 30% 
of normal liver may receive more than 27 Gy (V27 <30%), and 
no more than 50% of normal liver may receive more than 24 
Gy (V24 <50%). Also, the mean normal liver dose should be less 
than 28 Gy. The BED was calculated with a/B ratio=3. 

3. Clinical evaluation 

Primary tumor and PVT responses were determined using 
magnetic resonance imaging (MRI) or CT scan 4 to 8 weeks af- 
ter completion of RT, and the status of disease progression was 
determined every 2 to 3 months thereafter. The response to RT 
was evaluated according to modified Response Evaluation Cri- 
teria in Solid Tumors guidelines. 12 Objective response rates were 
defined as the sum of the complete response (CR) and partial 
response (PR) rates. Disease progression was defined as tumor 
reappearance at another site in liver, or tumor enlargement on 
CT/MRI or clinical examination compared with previous status, 
or development of extrahepatic metastases. 

Radiation-induced general and gastrointestinal toxicities were 
assessed using the Common Terminology Criteria for Adverse 
Events (CTCAE) version 4.0. Patients who had baseline symp- 
toms were scored based on CTCAE toxicity grade both before 
and after RT, and the difference in grade was recorded. Liver 
toxicity was focused on RLLD, defined as anicteric elevation of 
alkaline phosphatase level of at least 2-fold and nonmalignant 
ascites and hepatomegaly in the absence of documented pro- 
gressive disease (PD), or elevation of transaminases levels of 
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at least 5-fold the upper limit of normal. 13 Radiation-induced 
hepatitis B virus (HBV) reactivation was defined as an increase 
in serum HBV DNA of >2 log 10 copies/ml compared with base- 
line. 14 

4. Statistical analysis 

Duration of overall survival was determined from the comple- 
tion of RT to the date of death or, for survivors, to the date of 
last follow-up. Duration of disease progression-free survival was 
determined from the completion of RT to the date of disease 
progression or to the date of last follow-up. 

Survival rates were estimated by the Kaplan-Meier method 
and compared using a log-rank test. Parameters evaluated as 
potential prognostic factors of survival were: primary tumor 
response, presence of PVT, ECOG performance status, gender, 
age, underlying hepatitis, Child-Pugh classification, tumor size, 



T stage, multiplicity, pre-RT a-fetoprotein (AFP) level, AFP level 
change, interval between RT and previous treatment, and RT 
dose. AFP level change was calculated by post-RT AFP level/ 
pre-RT AFP level. Post-RT AFP levels were checked 4 to 8 
weeks after completion of RT. All parameters were categorized 
in two groups according to patient distribution. Parameters with 
a p-value less than 0.10 in univariate analysis were further as- 
sessed in a multivariate analysis, using a Cox regression hazard 
model. 

Using chi-square test, the following parameters were evalu- 
ated as potential predictive factor of primary tumor response: 
presence of PVT, underlying hepatitis, Child-Pugh classifica- 
tion, tumor size, T stage, multiplicity, pre-RT AFP level, AFP 
level change, and RT dose. Parameters with a p-value less than 
0.10 in univariate analysis were further assessed in multivariate 
analysis, using a multivariate logistic regression model. 



Table 1. Patient Characteristics 



Characteristic 

Age,yr 

Median (range) 

<60 

>60 
Gender 

Male 

Female 
ECOG performance score 

0 

1-2 

Underlying hepatitis 

Hepatitis B 

No hepatitis 
Child-Pugh classification 

A 

B 

Tumor size, cm 
Median (range) 
<4 
>4 

AJCC tumor stage 

Tl-2 

T3-4 
Multiplicity 

Single 

Multiple 



No. (°/o) 

61.1 (45.1-76.2) 
1 1 (50.0) 

1 1 (50.0) 

17 (77.3) 

5 (22.7) 

8 (36.4) 

14 (63.6) 

16 (72.7) 

6 (27.3) 

15 (68.2) 

7 (31.8) 

4.4 (0.9-16.4) 

10 (45.5) 

12 (54.5) 

1 1 (50.0) 
1 1 (50.0) 

7 (31.8) 
15 (68.2) 



Characteristic 
Preradiotherapy AFP, IU/mL 
Median (range) 
<40 
>40 

Not checked 
AFP level change 
Median (range) 
<1 
>1 

Not checked 
Portal vein thrombosis 
Yes 
No 

Previous treatment 
No 

TACE 
RFA 

TACE+RFA 

TACE+surgical resection 
Interval between RT and previous 
treatment, mo 
Median (range) 

<3 

>3 

RT dose (BED, Gy,„) 
Median (range) 
<65 
>65 



No. (%) 

36.76 (1.42-60,500) 
12 (54.5) 

8 (36.4) 
2(9.1) 

0.65 (0.00245-1,312.6) 
1 1 (50.0) 

9 (40.9) 
2 (9.1) 

8 (36.4) 
14 (63.6) 

4 (18.2) 
14 (63.6) 
1 (4.5) 

1 (4.5) 

2 (9.2) 



2.9 (0.3-14.7) 
9 (50.0) 
9 (50.0) 

65.9 (37.8-78) 
1 1 (50.0) 
11 (50.0) 



ECOG, Eastern Cooperative Oncology Group; 
bolization; RFA, radiofrequency ablation; RT, 



AJCC, The American Joint Committee on Cancer; AFP, a-fetoprotein; TACE, transarterial chemoem- 
radiotherapy; BED, biologically effective dose. 
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All analyses were performed using SPSS version 18.0 (SPSS 
Inc., Chicago, H, USA). A p<0.05 was considered statistically 
significant. 

RESULTS 

1. Patient characteristics 

The median age of patients was 61.1 years, and the ratio of 
men to women was 17:5. All patients had underlying liver cir- 
rhosis and 16 patients had underlying hepatitis B. No patient 
had underlying hepatitis C. The median greatest tumor dimen- 
sion before RT was 4.4 cm (range, 0.9 to 16.4 cm), and eight 
patients had PVT. The tumor growth patterns were nodular in 
14 patients (massive exophytic nodular in one patient) and in- 
filtrative in eight patients. Pre-RT AFP levels were <40 IU/mL 
in 54.5% of patients, and post-RT AFP levels were lower than 
pre-RT AFP levels in 50% of patients. Eighteen patients had 
received other treatments before the RT. Fourteen patients were 
treated with TACE (63.6%), one patient with TACE and RFA, 
one patient with RFA and two patients with surgical resection 
and TACE. Median interval between previous last treatment and 
RT was 2.9 months (range, 0.4 to 14.7 months). No patient died 
during RT. Patient characteristics are summarized in Table 1. 

2. RT parameters and toxicity 

For the entire study group, median normal liver volume was 
982.09 cc (range, 249.56 to 1,252.3 cc), and median radiation 
dose to normal liver was 18.1 Gy (range, 3.85 to 28.0 Gy). The 
median normal liver V30 was 19.8% (range, 3.5% to 45.0%), 
and median normal liver V50 was 2.5% (range, 0% to 16.9%). 

All patients received the complete course of scheduled RT. 
In general, radiation-induced toxicities were not severe. Four- 
teen patients (63.6%) experienced grade 1 general toxicity such 
as fatigue and malaise, and five patients (22.7%) experienced 
grade 2 general toxicity. No patient experienced general toxicity 
greater than grade 2. One patient experienced grade 2 gastroin- 
testinal toxicity. This patient was diagnosed as grade 2 duode- 
nal ulcer at 1.5 months after completion of RT and treated with 
antiulcer medication. Twelve patients experienced grade 1 gas- 
Table 2. Radiation-Induced Toxicity Following Helical Intensity- 
Modulated Radiotherapy for Unresectable Hepatocellular Carcinoma 

Toxicity No. (°/o) 

General Grade 0:3 (13.7) 

Grade 1:14(63.6) 
Grade 2:5 (22.7) 

Gastrointestinal Grade 0:9 (40.9) 

Grade 1:12 (54.5) 
Grade 2:1 (4.6) 

Radiation-induced liver disease 1 (4.6) 

Radiation-induced hepatitis B virus reactivation 3 (13.6) 



trointestinal toxicity, and nine patients experienced no gastro- 
intestinal toxicity. Only one patient experienced RUD. Normal 
liver volume for this patient was 794.8 cc and RT parameters 
were as follows: mean dose to normal liver was 28.0 Gy, V30 
was 45.0%, and V50 was 16.9%. This patient also experienced 
radiation-induced HBV reactivation, and died 2.1 months after 
completion of RT. In the entire study group, three patients expe- 
rienced radiation-induced UBV reactivation (Table 2). 

3. Response to RT 

In the entire group, primary tumor responses were CR in four 
patients (18.2%), PR in 12 patients (54.5%), stable disease (SD) 
in five patients (22.7%), and PD in one patient (4.6%). The ob- 
jective response (CR+PR) rate of the primary tumor was 72.7%. 
In the eight patients with PVT, the PVT responses were PR in 
four patients (50.0%), SD in three patients (37.5%), and PD in 
one patient (12.5%). The objective response (CR+PR) rate of PVT 
was 50.0%. 

Predictive factors for primary tumor response were analyzed. 
In univariate analysis, there was no significant predictive factor 
for primary tumor response. The patients with post-RT AFP lev- 
els lower than pre-RT AFP levels (AFP level change <1) showed 
higher objective primary tumor response rate, but this was not 
statistically significant (p=0.069). In multivariate analysis, how- 
ever, the AFP level change was significantly associated with 

Table 3. Analyses of Predictive Factors for Primary Tumor Response 



Variable 



Underlying hepatitis 

No hepatitis vs Hepatitis B 
Child-Pugh classification 

AvsB 
Tumor size, cm 

<4 vs >4 
AJCC tumor stage 

Tl-2 vs T3-4 
Multiplicity 

Single vs Multiple 
Preradiotherapy AFP, IU/mL 

<40 vs >40 
AFP level change 

<1 vs >1 
Portal vein thrombosis 

No vs Yes 
Radiotherapy dose (BED, Gy l0 ) 

<65 vs >65 



p-value 

Response 

rate, % Univariate Multivariate 
analysis analysis 



57.1 vs 80 0.462 



80 vs 57.1 0.262 



83.3 vs 60.0 0.094 0.143 



81.8 vs 63.6 0.338 



7 1.4 vs 73.3 0.926 



83.3 vs 62.5 0.392 



90.9 vs 55.6 0.069 0.043 



78.6 vs 62.5 0.527 



63.6 vs 81.8 0.085 0.064 



AJCC, The American Joint Committee on Cancer; AFP, a-fetoprotein; 
BED, biologically effective dose. 
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Fig. 2. Disease progression-free survival in 22 patients with unresect- 
able hepatocellular carcinoma treated with helical intensity-mod- 
ulated radiotherapy. The median disease progression-free survival 
duration was 11.8 months, and the 1-year disease progression-free 
survival rate was 40.2%. 



1.0 



0.8 



0.6 



0.4 



0.2 



0.0 



Survival curve 
Censored 



0.0 10.0 20.0 30.0 

Survival duration (mo) 



40.0 



Fig. 3. Overall survival in 22 patients with unresectable hepatocellu- 
lar carcinoma treated with helical intensity-modulated radiotherapy. 
The median overall survival duration was 14.4 months, and the 1- 
and 2-year overall survival rates were 86.4% and 69.1%, respectively. 



primary tumor response (p=0.043) (Table 3). 
4. Survival 

At the time of last follow-up, 18 patients were alive. The 
median follow-up period for the whole group was 14.4 months 
(range, 1.9 to 38.2 months), and for living patients, 15.7 months 
(range, 7.2 to 38.2 months). Fourteen patients (63.6%) experi- 
enced disease progression. In-field progression developed in four 
patients (18.2%), out-field progression in 10 patients (45.5%), 
and extrahepatic metastases in two patients (9.1%). Two pa- 
tients who developed extrahepatic metastases also showed in- 
field progression and out-field progression, respectively. The 
median period to infield progression and out-field progression 
were 4.1 months (range, 2.0 to 11.8 months) and 8.7 months 
(range, 1.2 to 22.4 months), respectively. Two extrahepatic me- 
tastases were developed at 1.2 and 2.8 months. In these patients 



Table 4. Analyses of Prognostic Factors for Disease Progression-Free 
Survival 



1-yr disease 



Variable 



survival, % 



p-value 



progression-free Umvariate 



analysis 



Age,yr 

<60vs>60 58.3 vs 21.2 0.148 
Gender 

Male vs Female 45.8 vs 0 0. 1 65 
ECOG performance score 

0 vs 1-2 46.9 vs 35.9 0.569 
Underlying hepatitis 

No hepatitis vs Hepatitis B 71.4 vs 26.0 0.256 
Child-Pugh classification 

AvsB 34.2 vs 53.6 0.751 
Tumor size, cm 

<4vs>4 48.0 vs 32.1 0.414 
AJCC tumor stage 

Tl-2vsT3-4 45.5 vs 32.7 0.750 
Multiplicity 

Single vs Multiple 28.6 vs 40.0 0.562 
Preradiotherapy AFP, IU/mL 

<40 vs >40 45.0 vs 37.5 0.830 
AFP level change 

<lvs>l 44.4 vs 31.1 0.874 
Portal vein thrombosis 

No vs Yes 47. 1 vs 30.0 0.243 
Interval between RT and 
previous treatment, mo 

<3vs>3 47.6 vs 38.9 0.714 
RT dose (BED, Gy ]0 ) 

<65 vs >65 27.3 vs 58.9 0.433 
Primary tumor response 
(CR+PR) 

NovsYes 33.3 vs 41.6 0.420 

ECOG, Eastern Cooperative Oncology Group; AJCC, The American 
Joint Committee on Cancer; AFP, oc-fetoprotein; RT, radiotherapy; 
BED, biologically effective dose; CR, complete response; PR, partial 
response. 

who experienced disease progression, further treatments such 
as TACE, surgical resection, and systemic chemotherapy were 
implemented according to the patients' general condition and 
hepatic functional capacity. Median disease progression-free 
survival was 11.8 months, and the 1-year disease progression- 
free survival rate was 40.2% (Fig. 2). Univariate and multivari- 
ate analyses were performed to identify prognostic factors for 
disease progression-free survival. There was no significant 
prognostic factor for disease progression-free survival (Table 4). 
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Table 5. Analyses of Prognostic Factors for Overall Survival 



Variable 



p-value 

1-yr overall 

survival °/o Univariate Multivariate 
analysis analysis 



Age,yr 

<60 vs >60 
Gender 

Male vs Female 
ECOG performance score 

0 vs 1-2 
Underlying hepatitis 

No hepatitis vs Hepatitis B 
Child-Pugh classification 

AvsB 
Tumor size, cm 

<4 vs >4 
AJCC tumor stage 

Tl-2 vs T3-4 
Multiplicity 

Single vs Multiple 
Preradiotherapy AFP, lU/mL 

<40 vs >40 
AFP level change 

<1 vs >1 
Portal vein thrombosis 

No vs Yes 
Interval between RT and 
previous treatment, mo 

<3 vs >3 
RT dose (BED, GyJ 

<65 vs >65 
Primary tumor response 
(CR+PR) 

No vs Yes 



81.8 vs 90.9 0.939 



88.2 vs 80.0 0.642 



100.0 vs 78.6 0.493 



85.7 vs 86.7 0.745 



100.0 vs 57.1 0.026 0.034 



90.0 vs 83.3 0.403 



90.9 vs 81.8 0.237 



71.4 vs 93.3 0.418 



91.7 vs 75.0 0.079 0.304 



81.8 vs 88.9 0.412 



92.9 vs 75.0 0.047 0.018 



100.0 vs 77.8 0.347 



81.8 vs 90.0 0.939 



65.6 vs 87.7 0.043 0.092 



ECOG, Eastern Cooperative Oncology Group; AJCC, The American 
Joint Committee on Cancer; AFP, a-fetoprotein; RT, radiotherapy; 
BED, biologically effective dose; CR, complete response; PR, partial 
response. 



Median overall survival was 14.4 months, and the 1- and 2 -year 
overall survival rates were 86.4% and 69.1%, respectively (Fig. 3). 
In univariate analysis, primary tumor response, PVT, and Child- 
Pugh classification were significantly associated with overall 
survival. In multivariate analysis, PVT and Child-Pugh classifi- 
cation showed significant association with overall survival (Table 
5, Figs. 4 and 5). 
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Survival duration (mo) 



40.0 



Fig. 4. Overall survival of patients with Child-Pugh classifications A 
and B. The estimated 1- and 2-year overall survival rates were 100°/o 
and 75.0°/o for Child-Pugh classification A, and 57.1% and 57.1% for 
Child-Pugh classification B (p=0.026). 
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Fig. 5. Overall survival of patients with and without portal vein 
thrombosis (PVT). The estimated 1- and 2-year overall survival 
rates for patients without PVT were 92.9% and 92.9°/o, respectively, 
while for patients with PVT, they were 75.0°/o and 0°/o, respectively 
(p=0.047). 

DISCUSSION 

Several studies reported the primary tumor response rates 
after 3D-CRT, with or without other local treatments in unre- 
sectable HCC, and the reported response rates range from 40% 
to 64%. 1519 Mornex et al. 20 reported an objective response rate 
(CR+PR) of 92% to 3D-CRT in 27 HCC patients for whom sur- 
gical resection was not suitable. However, that study included 
only patients with small HCC (one nodule <5 cm, and two 
nodules <3 cm), and may therefore be biased toward a high 
response rate. With the advent of LMRT technique, a few stud- 
ies also reported the primary tumor response rates after LMRT 
in unresectable HCC. From a study of 27 HCC patients treated 
with IMRT, Kang et al 21 reported an objective response rate 
of 44.4%. Mcintosh et al. 22 treated 20 HCC patients with heli- 
cal tomotherapy and concurrent capecitabine, and reported an 
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objective response rate of 56.25%. In our study, we used helical 
tomotherapy to treat 22 patients with unresectable HCC and a 
median greatest tumor dimension before RT of 4.4 cm (range, 0.9 
to 16.4 cm). At 4 to 8 weeks after completion of RT, we found a 
CR rate of 18.2% (4/22), a PR rate of 54.5% (12/22), and an ob- 
jective response rate of 72.7% for the primary tumor. The objec- 
tive response rate of our study is relatively high compared with 
values previously reported. 

The survival rate of our study is also high compared with 
values previously reported. From a study of 70 HCC patients 
with or without PTV, who were treated by 3D-CRT, Kim et 
al.' 9 reported 1- and 2-year overall survival rates of 43.1% and 
17.6%, respectively. Liang et al. n reported 1-, 2-, and 3-year 
overall survival rates of 65%, 43%, and 33%, respectively, for 
128 HCC patients treated by hypofractionated 3D-CRT with or 
without TACE. Mcintosh et al. 12 treated 20 HCC patients with 
helical tomotherapy and reported 1-year overall survival rate 
of 73% and 1 1% for patients with Child-Pugh classification 
A and B disease, respectively. In our study, the 1- and 2-year 
overall survival rates were 86.4% and 69.1%, and 1-year disease 
progression-free survival rate was 40.2%. In addition, we found 
a 100% overall survival at 1 year for patients with Child-Pugh 
classification A or ECOG performance status 0. Possible reasons 
for these inconsistent results may stem from differences in tu- 
mor characteristics such as tumor size and multiplicity, patient 
characteristics such as performance status and underlying liver 
disease, PVT rate, treatment protocols such as combination of 
treatment modalities and RT dose, and the indications and regi- 
mens for post-RT treatment. We, nevertheless, believe that the 
results of our present study is very encouraging. 

Several studies showed a dose-response relationship in RT 
for HCC. A higher radiation dose achieved a higher response 
rate, 24,25 and a higher survival rate. 18 ' 19,26 In our study, BED was 
used to analyze the radiation dose affecting primary tumor re- 
sponse and survival because the fraction size ranged from 1.8 
to 4 Gy. We found that in patients receiving doses of <65 Gy 10 
and >65 Gy 10 , the primary tumor response rates were 63.6% and 
81.8%, the 1-year disease progression-free survival rates were 
27.3% and 58.9%, and the 1-year overall survival rates were 
81.8% and 90.0%. Thus, our study also showed a higher radia- 
tion dose achieved a higher response rate and higher survival 
rate. However, these differences were not statistically signifi- 
cant, possibly because of the small sample size, and/or the wide 
heterogeneity in tumor characteristics. Despite several studies 
showed this dose-response relationship, at this point in time, no 
consensus has been established on the optimal radiation dose- 
fractionation schedule for patients with HCC. Therefore, further 
investigations should be performed to establish the optimum 
fraction size and total dose. 

Several studies have reported prognostic factors for survival 
of patients with HCC following RT. Zhou ef al. 17 found T stage, 
PVT, radiation dose, and Child-Pugh classification to be signifi- 



cantly associated with overall survival in univariate analysis, 
and in Cox regression analysis, T stage, radiation dose, and 
Child-Pugh classification were independent prognostic factor 
for overall survival. Kang et al. 21 found significant associations 
of PVT, Child-Pugh classification, and primary tumor response 
with overall survival in univariate analysis, and in multivari- 
ate analysis, only primary tumor response remained significant. 
Kim et aL 19 reported the Cancer of the Liver Italian Program 
score and primary tumor response were significant prognostic 
factors for overall survival in univariate analysis, and only 
primary tumor response in multivariate analysis. In our study, 
primary tumor response, PVT, and Child-Pugh classification 
were significantly associated with overall survival in univariate 
analysis. In multivariate analysis, PVT and Child-Pugh clas- 
sification remained significant. Several studies, including our 
study, showed that primary tumor responders had better overall 
survival than non-responders. This finding indicates that RT 
may be considered as an alternative treatment for unresectable 
HCC patients for whom TACE is ineffective or unsuitable. 

Most HCC patients referred for RT present with locally ad- 
vanced disease and usually have underlying liver disease. There- 
fore, physicians must consider RT-induced toxicities as well as 
tumor control. Potential side effects of hepatic RT include gen- 
eral toxicity such as malaise and fatigue, gastrointestinal toxic- 
ity such as gastroduodenal ulcer and bleeding, and liver toxicity 
such as RILD. Especially, RILD may be the most serious compli- 
cation of RT because it is almost always fatal. Previous studies 
reported a frequency of RILD between 0% and 15.4%. 20 ' 26,27 In 
our study, one patient (4.6%) experienced RILD, and this patient 
died 2.1 months after completion of RT. To avoid this serious 
complication, physicians have to pay much more attention to 
limit the radiation dose to normal liver. In addition to RILD, 
hepatic RT may induce HBV reactivation. 14,28 Because treatment 
for RILD is supportive management, however, treatment for 
radiation-induced HBV reactivation requires antiviral therapy, 
radiation-induced HBV reactivation should be differentially 
diagnosed from RILD. In our study, three patients (13.6%) expe- 
rienced radiation-induced HBV reactivation after hepatic RT. 

Some studies reported dosimetric advantages in using LMRT 
as compared to 3D-CRT in hepatic RT. Eccles et a]. 29 compared 
LMRT with 3D-CRT for hypofractionated liver RT, and reported 
better target coverage and lower dose to normal liver and other 
normal organs. Cheng et al. 30 compared the dose-volume data 
from LMRT and 3D-CRT for HCC patients who had developed 
RILD after 3D-CRT, they found that using LMRT significantly re- 
duced risk of complications involving normal tissue. We includ- 
ed in our analysis the patients who received only helical LMRT 
for treatment of HCC, and excluded those who received other 
RT modalities such as 3D-CRT. Thus, we achieved very favor- 
able treatment response and survival rates. However, our study 
was not randomized comparative study. To confirm the clinical 
benefit of IMRT over 3D-CRT in hepatic irradiation, randomized 
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prospective trials with large sample sizes and long-term follow- 
up periods are required. 

There are some limitations in this study. First, this study is 
retrospective, and therefore, may have inherent bias. Second, 
the sample size was small. Third, the follow-up period was not 
sufficiently long. Despite these limitations, however, we believe 
that our study contributes to resolving some controversial issues 
in the management of unresectable HCC, and establishing con- 
sensus regarding the use of RT for unresectable HCC. 

In conclusion, hepatic RT with helical IMRT in patients with 
unresectable HCC resulted in high treatment response and sur- 
vival rates (objective response rate, 72.7%; and 1-year overall 
survival rate, 86.4%) with an acceptable level of toxicity. These 
findings suggest helical LMRT is a practical treatment option in 
patients with HCC for whom TACE is unsuitable or ineffective. 
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